MicroRNA (miRNA) pathways have been implicated in stem cell regulation. This study investigated the molecular effects of propofol on adipocyte stem cells (ASCs) by analyzing RNA expression arrays. Human ASCs were isolated by use of a liposuction procedure. ASCs were treated with saline, 50 μM propofol, or 100 μM propofol in culture media for 3 hours. After the isolation of total RNA, the expression of 76 miRNAs was evaluated with peptide nucleic acid-miRNA array analysis through denaturation and hybridization processes. Treatment with 50 μM propofol resulted in significant downregulation of expression of 18 miRNAs and upregulation of expression of 25 miRNAs; 100 μM propofol resulted in significant downregulation of expression of 14 miRNAs and upregulation of expression of 29 miRNAs. The lowest expression was seen for miR-204, which was 0.07-fold with 50 μM propofol and 0.18-fold with 100 μM propofol. The highest expression was seen for miR-208b, which was 11.23-fold with 50 μM propofol and 11.20-fold with 100 μM propofol. Expression patterns of miRNAs were not significantly different between 50 μM and 100 μM propofol treatment. The results of this study suggest that propofol is involved in altering the miRNA expression level in human ASCs. Additional research is necessary to establish the functional effect of miRNA alteration by propofol.
INTRODUCTION
MicroRNA (miRNA) is an intrinsic RNA molecule that is made up of 20 to 25 nucleotides. 1 miRNA regulates cell growth, differentiation, and apoptosis by negatively controlling post-transcriptional gene expression. 2 In addition, miRNA plays a pivotal role in homeostasis and regulates biological and pharmacological alterations in stem cells. 3 In recent studies, the variable expression of miRNA has been shown to play an important role in human pathologies such as cancer, viral diseases, and metabolic disorders. 3, 4 Because adipose stem cells (ASCs) can differentiate into other cells and can be easily obtained through a simple isolation method, 5 they have a diverse spectrum of potential clinical implications. ASCs may offer great clinical utility in regenerative therapies and wound healing in various diseases. 6 Propofol is widely used for sedation and clinical anesthesia. Efforts have been made to explain the molecular mechanisms of the effects of propofol on human cellular responses such as inhibition of inflammation and protection against oxidative stress. 7 A recent report found that propofol anesthesia affects miRNA expression in rat liver. 8 However, no studies have reported on changes in miRNA expression caused by treatment of human ASCs with propofol. In this study, we hypothesized that expression of miRNA in ASCs would be affected by propofol treatment. Thus, we evaluated the effect of propofol on the miRNA expression profile in adipocyte-derived adult stem cells. We also analyzed the relationship between propofol concentration and miRNA expression.
MATERIALS AND METHODS

Isolation and culture of stem cells
Adipose-derived mesenchymal stem cells (courtesy of Dr. YI Yang) 9 were isolated by use of a liposuction procedure. 10 Stromal vascular fraction (SVF) cells were obtained from adipose tissue (AT) by a modified enzyme-dissociating method. 9 In short, after washing and cutting of the AT, the tissues were digested with type I collagenase. To separate SVF cells from mature adipocytes, tissue lysates were centrifuged at 300 ×g for 10 minutes. The pellet was resuspended in Dulbecco's modified Eagle medium (DMEM) containing 2% bovine serum (Hyclone, Provo, UT), and the suspension was filtered through 250-μm mesh (Millipore, Seoul, Korea) and then centrifuged at 300 ×g for 10 min. Resuspension was done in 154 mM NH4Cl. The final pellet was resuspended in a growth culture medium composed of a DMEM:Ham's F12 (1:1) mixture supplemented with 10% fetal bovine serum and a penicillin/streptomycin antibiotic mixture. The pellet was placed onto a tissue culture plate. To eliminate nonadherent cells, the plates were washed twice with Dulbecco's phosphate-buffered saline for 24 hours. The growth culture medium was replaced. Cells were subcultured at 80% confluence after the first plating. This initial passage was regarded as passage 1. Upon reaching 80% confluence, cells were detached by using Trypsin-EDTA solution.
In this experiment, the 2nd to 5th passages of ASCs were used. All procedures used equipment similar to that used in our former study. 
Propofol treatment
For propofol treatment, we used concentrations of 50 μM and 100 μM propofol. ASCs were treated with 50 μM or 100 μM propofol for 3 hours. After 3 hours, the propofol was removed. The cells were collected after washing with 5 ml media without fetal bovine serum and were carefully put into 1.5-ml tubes. The tubes were then frozen to prevent RNA lysis.
miRNA extraction
We extracted total RNA from each sample with the reagent Trizol (Life Technologies, Carlsbad, CA, USA). We extracted low molecular weight, enriched RNA from 50 μg total RNA by use of a mirVana miRNA extraction kit (Ambion, Inc., Austin, TX, USA). Quantification of extracted RNA was analyzed with an ND-1000 spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA). RNA was analyzed with an Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA).
miRNA expression profiling
In this experiment, owing to the stronger binding affinity and study expression aspect of miRNA, we used peptide nucleic acid miRNA array kits (Panazene, Daejeon, Korea) according to the manufacturer's protocol. 1) Denaturation and hybridization: The miRNA denatured mixture (400 ng miRNA and 15 μL RNase-free water) was cultured at 95 o C in a circulating water bath for 5 minutes and then moved to ice immediately. A total of 85 μL of hybridization mixture and the 15 μL of denatured mixture were combined for hybridization. The mixture was hybridized for 4 hours at 55 o C in a humid chamber. To wash the microarray slides, the 20X washing buffer was diluted up to 250 ml of 1X washing buffer. The 1X washing buffer was added with a magnetic stir bar to a glass jar. After removal of the slide chambers, the microarray slides were loaded with a holder and immersed in the 1X washing buffer in the jar. Washed microarray slides were spun dry at 1,000 rpm for 5 minutes.
2) Ligation reaction: We prepared a ligation mixture of 10 μL 10X T4 RNA ligase buffer, 2 μL 0.1% BSA, 3 μL pCp-Cy3, 1 μL T4 RNA ligase (10 U/μL), and 84 μL RNase-free water. We set the slide chambers on hybridized microarray slides and added 100 μL of the ligation mixtures to each well. The slides were cultured at 37 o C in a humid chamber for 2 hours and then washed immediately.
3) Scanning and image analysis: We scanned the hybridized arrays by use of an Axon GenePix 4000B scanner (Molecular Devices Corporation, Sunnyvale, CA, USA). We also collected the median spot intensities by use of Axon GenePix 4.0 (Molecular Devices, Sunnyvale, CA, USA). Analyses of expression profiling were performed in GeneSpring 7.0 (Agilent Technologies, Santa Clara, CA, USA). We considered an alteration of miRNA expression to be significant when it was more than 1.5-fold or less than 0.5-fold.
miRNA target predictions
We predicted human targets of variable miRNA expression through use of the public web-based prediction tools TargetScan, PicTar, and MiRBase Target.
RESULTS
Measurement of RNA quality
The ratio of RNA quality for control and treated cells by use of the ribosomal RNA ratio was 28s/18s ＞1, OD260/ OD230 ＞2.0, and OD260/OD280 ＞1.8. RIN (RNA integrity number) values were 8.0-10.0. from controls. Four miRNAs (miR-185, -1, let-7e, and -208b) had 5.31-to 11.23-fold differences from controls (Fig. 2) .
miRNA expression profile of adipose stem cells treated
with 100 uM propofol Microarray analysis with 76 miRNAs revealed significant downregulation of 14 miRNAs and upregulation of 29 miRNAs. Five miRNAs (miR-191, -368, -23b, -133a, and -219-5p) showed 0.30-to 0.49-fold differences from controls. Nine miRNAs (miR-204, -92b, -30b, -127, -296-5p, -192, -26b, -25, and -186) showed 0.11-to 0.28-fold differences from controls (Fig. 1) . Sixteen miRNAs (miR-29b, -216a, -190b, -let-7c, -92a, -202, -140-3p, -198, -127-5p, -424, -193a-5p, -371-5p, -107, -296-3p, -143, and -30d) showed 1.5-to 2.96-fold differences from controls. Nine miRNAs (miR-let-7b, -302a, -103, -206-3, -153, -181d, -370, -134, and -142-5p) showed 3-to 5-fold differences from controls. Expression of mir-185 was 5.07-fold different from control and expression of miR-1, let-7e, and 208b was 7.31-, 11.05-, and 11.20-fold different from controls, respectively (Fig. 2) .
DISCUSSION
The results of the present study showed that propofol affects the miRNA expression of ASCs. Treatment with 50 μM propofol significantly downregulated 18 miRNAs and upregulated 25 miRNAs in ASCs. Treatment with 100 μM propofol significantly downregulated 14 miRNAs and upregulated 29 miRNAs. The expression of miR-194, -199a, -101, and -125a was significantly decreased only by 50 μM propofol. The expression of miR-29b, -216a, -190b, and -let-7c was significantly upregulated only by 100 μM propofol. However, overall, the expression patterns and miRNA levels were not significantly different between treatment with 50 μM and 100 μM propofol. These results suggest that propofol induced an alteration in miRNA expression, although the effect was not dose-dependent. Few studies have reported on the relationship between miRNA and anesthetic agents. Ishikawa et al. 8 reported that different miRNA expression patterns in rat liver are induced by sevoflurane and propofol, with 46 miRNAs of 177 (26%) differentially expressed in response to anesthetic agents. After sevoflurane anesthesia, 16 miRNAs were significantly upregulated and 11 were significantly downregulated compared with controls. By contrast, after propofol anesthesia, 31 miRNAs were upregulated and 8 were downregulated. Thus, the miRNA expression patterns were particular to the anesthetic agent. Another study evaluated the changes in the miRNA expression profile caused by different sevoflurane concentrations in rat lungs (2.0% vs 4.0%). 13 Anesthesia with 2.0% sevoflurane induced changes in miRNA expression that were not significantly different from changes after 4.0% sevoflurane. For general anesthesia of humans, 20 to 35 μM is a typical plasma propofol concentration.
14 Although doses in vitro are not similar to plasma concentrations, the concentrations of propofol (50 and 100 μM) used in this study were relatively high. Expression changes in some miRNAs are involved in diseases and cancer. In this study, the expression of several miRNAs decreased to more than half of the expression in the controls. In general, downregulation of miRNAs indicates inhibition or inactivation of gene function. For example, in this study, the miRNA with the lowest expression was miR-204 with 0.07-fold expression after 50 μM and 0.18-fold expression after 100 μM propofol. Downregulated miR-204 might inhibit differentiation of human-derived cardiomyocyte progenitor cells. 15 In addition, miR-204 inhibits osteogenesis and promotes adipogenesis of mesenchymal progenitor cells. 16 Recently, miR-133a was reported to be significantly reduced in several types of cancer. 17 miR-26b and miR-127 are associated with tumorigenesis or cell proliferation. 18 The downregulation of miR-192 is involved in lipogenesis and obesity. 19 miR-186 and miR-709 may be associated with a cascade of molecular reactions that are important in the control of the stress response. 20 Feng et al. 21 reported that the expression of miR-27a and miR-331-5p is inversely related to drug-resistant factor expression and gradually increasing drug resistance in leukemia cell lines. Thus, deregulation of miR-331-5p and miR-27a could be related to recurrence of leukemia. Among the upregulated miRNAs in our study, the highest expression was seen for miR-208b, with 11.23-fold expression after treatment with 50 μM and 11.20-fold expression after treatment with 100 μM. Cardiac myocyteassociated miR-208b and miR-499 are overexpressed in the plasma of patients with acute myocardial infarction. 22 miR-134 is known to be brain-specific and involved with the control of neuronal microstructure. 23 Overexpression of miR-134 in vitro is related to reduced spine volume, 23 whereas overexpression of miR-134 in vivo reduces total dendritic length. 24 Other miRNAs, miR-153 and miR-198, are associated with parkinsonism and Alzheimer disease. 25, 26 Greco et al. 27 demonstrated that miR-206-3 is associated with neurotransmitter regulation in developing neuronal cells. miR-30d has multiple functions. miR-30d∼miR-30b and miR-23b∼miR-27b∼miR-24-1 are highly complex regulatory miRNA networks that contribute to the development of multi-drug resistance and the drug-resistant phenotype. 28 Our study provides evidence that propofol treatment affects miRNA expression in human ASCs. Propofol is used as a sedative and hypnotic in clinical anesthesia. Although it had been reported that propofol causes many miRNA expression changes in rat liver, such findings had not yet been reported in human cells. Our results show that propofol, which is widely used in anesthesia, caused many miRNA expression changes in human ASCs. These changes in miRNA expression are anticipated to play an important role in distinctive gene-expression changes with propofol. Thus, further experiments are needed to clarify the meaning of the changes in miRNA expression in ASCs after propofol treatment. This study had some limitations. First, we used commercially available propofol containing preservatives or lipid emulsion. Recently, some studies have reported the development of a therapeutic formulation using chemically synthesized miRNA with a lipid-based delivery vehicle that blocks tumor growth in mouse models. This formulation has effectiveness when administered locally or systemically. 29 Although in this study our purpose was not to define the effect of lipid emulsions on miRNAs, we did not consider the effect of the lipid emulsion. Second, we did not conduct a functional study of the candidate miRNAs in ASCs. The results of this study provide basic data on the screening miRNA profiles of ASCs treated with propofol and an understanding of the molecular mechanism of propofol. Therefore, the next step will be a necessary functional study of the miRNAs that are strongly altered by clinical propofol anesthesia.
In conclusion, our results suggest that propofol is involved in altering miRNA expression in human ASCs. In addition, this study could provide candidates for investigating the molecular mechanism of action of propofol.
